This study was an attempt to develop a fluorescent-antibody (FA) test to differentiate Actinomyces israelii and A. naeslundii as an aid in their laboratory identification. Two strains of A. israeli (X522 and A601) and two strains of A. naeslundii (X454 and X600), which had received intensive study by several investigators, were used for the immunization of rabbits. Working titers, based on tests with antigens prepared from the homologous strains and from well-established heterologous strains, were determined for each labeled antibody preparation. These conjugates and their normal serum control coniugates were used separately to stain 85 cultures of Actinomyes species and 23 strains of other species that might be confused with them. Acetone-precipitated soluble antigens from these same strains were tested with different antisera in the agar-gel diffusion test. Results showed that A. israeli (X522 and A601) and A. naeslundii (X454 and X600) labeled antiglobulins, when used at their working titers, stained most strains of their homologous species. Agar-gel diffusion results showed general agreement with those of the FA tests. The two tests appear to be equal in sensitivity, but the FA test is more specific, since several crossreactions were noted with the agar-gel diffusion test whereas no cross-reactions were obtained with the FA reagents. Agar-gel and FA studies suggest that at least two serotypes of A. israelii may be associated with human disease. Although the majority of strains tested in this study appear to belong to a common serotype, "serotype 1," two strains of an apparent second serotype, "serotype 2," were encountered. FA staining of tissue impression smears from experimentally infected mice was successful when a counterstain, Evans Blue dye, was used.
Identification of Actinomyces species in the diagnostic laboratory is a long and often difficult process. The to maintain and identify. Variations in morphological characteristics, oxygen requirements, and biochemical reactions that occur within the genus, as well as within a single species, add to the complexity of the problem.
In the identification of A. israeli, the most common cause of actinomycosis in humans, differentiation must be made from other Actinomyces species, as well as from a number of morphologically similar organisms of other genera encountered in clinical material. A particularly important problem is the differentiation of A. israeli from A. naeslundii. Both of these organisms occur in the human mouth as commensals, and are morphologically and physiologically similar. A. israelii is a well-LAMBERT, BROWN, AND GEORG recognized human pathogen, whereas the importance of A. naeslundii as an agent of human disease has not been determined.
The agar-gel diffusion test has been shown by King and Meyer (7) and Georg et al. (4, 5) to be useful in the identification of Actinomyces cultures. However, this technique requires viable organisms for the preparation of soluble antigens, and yields results only after 1 week to 10 days. It was felt that the development of a specific fluorescent-antibody (FA) reagent to the various Actinomyces species could lead to their more rapid identification in culture and clinical material, regardless of the presence of contaminants or the viability of the Actinomyces cells. Previous studies by Slack et al. (10) Serum specimens were obtained from all rabbits prior to immunization. Each rabbit was then given an intravenous injection of 1 ml of antigen three times a week for 3 weeks. One week after the last injection, they were test-bled.
Antiserum from each rabbit was titered by a tube precipitin test with a precipitinogen prepared as described below for the agar-gel diffusion test. Antisera showing titers of 1: 32 or better by the tube precipitin test were used for conjugation and for immunodiffusion tests.
The first group of antisera was labeled, "First Immunization Schedule Antisera," and individual antisera were identified by the respective strain number used for their production.
Because of an anticipated need for more antisera to complete the study, the rabbits were maintained for 1 month longer, at which time they were given a second series of injections. This consisted of three intravenous injections of 1, 1.5, and 2 ml of antigen every other day over a period of 5 days. One week after the last injection, all rabbits were exsanguinated by cardiac puncture. Tube precipitin tests on the resulting antisera showed, in general, about a twofold increase in the antibody titer over that of the "First Immunization Series Antisera." This second group of antisera was labeled "Booster Series Antisera" and was used also to prepare conjugates.
Agar-gel diffusion method. The agar-gel plate precipitin technique of King and Meyer (7) (8) , produced a contrasting red background which made reading of the slides easier.
Controls. The pre-immune (normal) rabbit sera were tested by the agar-gel diffusion procedure against soluble antigens of the strain to be used for immunization. None of these sera contained detectable precipitins.
To determine the degree of reactivity and specificity, each conjugate was adsorbed with packed cells (2 volumes of conjugate to 1 volume of cells) of the homologous and heterologous species. Each conjugate was adsorbed for 2 hr at 37 C in a water bath, and then overnight at 5 C. After removal of the adsorbing cells by centrifugation, the staining titers of the adsorbed conjugates were compared with the staining titers of the unadsorbed labeled antiglobulins. As a control, the pooled labeled normal globulin corresponding to the labeled antiglobulins were tested with homologous and heterologous cultures (see Table 2 ). ("Booster Series Antisera" were used for this phase of the study.)
Observation. A Leitz SM microscope fitted with a cardioid dark-field condenser, and a BG-12 (3-mm) primary filter and an OG-1 ocular filter was used in all studies. All the smears were observed under oil immersion (970X).
In recording reactions, the intensity of fluorescence was rated on a scale of 0 to 4+. Only staining reactions of 2+ or better were considered as positive. Specifically stained cells had a bright green to intense yellow-green evenly stained periphery, with the center of the cell dark by contrast.
RESuLTS
Development of FA reagents. Preliminary direct staining with the A. israelii and A. naeslundii labeled antiglobulins showed that the undiluted conjugates stained not only their homologous species, but the heterologous Actinomyces species as well. However, the heterologous staining could be eliminated by dilution.
A comparison of staining titers obtained with conjugates prepared from "First Immunization Schedule Antisera" with conjugates prepared from the "Booster Series Antisera" indicated that the latter conjugates gave higher titers. Consequently, although both lots of antisera gave satisfactory results, the second schedule is recommended, since sera may be conserved by use of higher working titers. Comparison of the results from the agar-gel diffusion reactions with those of the FA experiments shows that the two cultures (A. odontolyticus X362 and X363), that gave positive reactions by agar-gel diffusion with antisera to both A. israelii (X522, A601) and A. naeslundii (X454, X600) strains, were negative by FA with conjugates to these strains. These lines probably represent nonspecific reactions, which occasionally occur with some antigens in this test.
With antisera to A. israelii (X522 and A601), conjugated and not conjugated, A. israelii culture X673 was positive by gel diffusion and negative by FA; A. israelii strain W748 was negative by gel diffusion to both X522 and A601 antisera and negative by FA to A601 conjugate, but positive to X522 conjugate. A. israeli strain X695 was positive by FA with both conjugates and positive by gel diffusion with X522 antiserum but negative with A601 antiserum. In addition, with A601 conjugate and antiserum, A. naeslundii strain W733 was negative by FA but positive by gel diffusion with one of the A. israelii antisera. All other Actinomyces strains tested showed agreement between the gel diffusion and FA test.
The conjugates and unconjugated antisera to A. naeslundii (X454 and X600) showed disagreement with only one A. naeslundii strain, X574. Both X454 and X600 conjugates gave negative results by FA, but in the agar-gel diffusion test both antisera gave positive reactions. All other Actinomyces strains tested were negative by both FA and agar-gel diffusion test (excluding X362, and X363 that reacted with both A. israelii and A. naeslundii in the gel diffusion test).
FA staining and agar-gel diffusion reactions with heterologous organisms. To study further the specificity of the conjugated antisera, they were tested with certain heterologous organisms. These are listed in Table 1 . Results of FA staining with A. israeli (X522 and A601) and A. naeslundii (X454 and X600) labeled antiglobulins at their diagnostic titers showed negative reactions in all cases. However, agar-gel diffusion studies showed several cross-reactions. A. israelii (A601) antiserum produced precipitin lines with antigens from all seven 0. viscosus strains and from one of three C. pyogenes strains tested. A. naeslundii (X454) antiserum produced precipitin lines with one of the seven 0. viscosus strains tested. Testing of the A. israeli (X522 and A601) and A. naeslundii (X454 and X600) antisera with the remainder of the heterologous antigens did not produce precipitin lines.
Staining of clinical material. Smears from excised lesions in white mice experimentally infected with A. israeli cultures (W749 and (W750) were stained with the A. israelii and A. naeslundii labeled antiglobulins. Typical, branched organisms with 2 to 3+ staining intensity were observed with both of the A. israeli conjugates. However, the tissue background also stained nonspecifically. In an attempt to eliminate this, Evans Blue dye was used as a counterstain. This Of the A. israelii cultures studied by FA and agar-gel diffusion, five strains gave unexpected results. Of these, strains X695 and W748 gave very weak FA staining reactions with the A. israelii conjugates. These weak reactions may reflect quantitative differences in antigen content. However, subsequent studies with these two strains, utilizing labeled antiglobulin prepared with antiserum to A. israelii X695, indicate that both strains X695 and W478 probably represent a second serotype of A. israeli, which we have called "serotype 2." Further studies of the relationship of this serotype to the common serotype, "serotype 1," will be discussed in another publication. Strains W727, W728, and X673 gave negative reactions with FA reagents, X522 and A601, although one of these strains (X673) gave positive agar-gel reactions with the corresponding antisera. These strains may represent serotypes other than "1" or "2," or may even be species other than A. israeli. Further studies are in progress with these strains.
Of the A. naeslundii cultures studied, two strains gave different results. Strain X574 gave positive reactions in gel diffusion, but negative results with the FA test with A. naeslundii labeled antiglobulins. Additional study will be needed to clarify the antigenic relationship of this strain to the other A. naeslundii isolates. The second strain giving different results was strain W721. This strain gave positive reactions with antisera and conjugates to A. israeli (X522 and A601), but negative reactions to A. naeslundii (X454 and X600). As explained above, this strain has been reclassified as A. israeli since these studies were completed.
The sharing of common antigen between A. israelii and A. naeslundii, as found in agar-gel diffusion studies by King and Meyer (7) and Georg et al. (4, 5) , was shown with only one strain, W733, in the present study. In the FA test, conjugates used at their diagnostic titers did not show this cross-reaction.
Among the heterologous organisms studied, the reaction of C. pyogenes (9577) with antiserum to A. israelii (A601) in the agar-gel diffusion test (but not in the FA test) is quite interesting. Studies with a larger group of strains will be necessary to determine the relationship of this organism to the Actinomyces.
Soluble antigens of 0. viscosus produced precipitin lines with antiserum to A. israeli (A601), and one strain, HS-108, produced a positive reaction with antiserum to A. naeslundii (X454). However, these cultures were negative with conjugates, A601 and X454, in the FA test. These results indicate that 0. viscosus is antigenically related to some Actinomyces species.
FA studies on tissue impression smears from experimentally infected animals were effective in demonstrating specific staining of organisms, expecially when the counterstain, Evans Blue dye, was used.
ADDENDUM
Since completion of this study, a note has been published by Slack and Gerencser (9) revising their serological groupings of the Actinomyces species.
Results of the present study appear to be in general agreement with those of Slack and Gerencser.
